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r -t- Wa- f 2 . 3-DIMETHOXYPHENYL Wl- f 2- ( 4-Fr .nOROPHENYL > ETHYL 1-4- 

PIPERIDINEMETHAMOL 

The present invention is directed to the compound {+)- 
a- ( 2 , 3-dime thoxyphenyl ) -1- [ 2- { 4-f luorophenyl ) ethyl ] -4- 
piperidinemethanol. Other aspects of this invention are 
directed to pharmaceutical compositions containing this 
compound and the medicinal use of this compound. 



BACKGRODMD OF THE INVENTION 



European Application 0 208 235 disclosed a class of 
compounds which were described by the following formulas 
15 B2 





CHOH— < N-(CH2)n 




20 the optical isomers thereof, and the pharmaceutically 

acceptable salts thereof, wherein n is 2, 3, or 4, each of 
Ri, R2, R3, and R* is independently selected from hydrogen, 
halogen, trif luoromethyl, Ci-e alkyl, Ci-e alkoxy, hydroxy or 
amino. This application stated that the compounds were 

25 serotonin 5HT2 antagonists. Preferred compounds included 
those in which Ri and R2 were methoxy and in which R3 and R4 
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were hydrogen. The most preferred compound was that in 
which n was 2 and R1-4 were hydrogen. 

SUMMARY OF THE INVENTION 

5 

In accordance with the present invention r a new 
serotonin 5HT2 antagonist has been discovered which 
possesses superior in vivo potency. This compound is the ( + )* 
isomer of a-(2r3-dimethoxyphenyl)-l-t2-(4- 
10 fluorophenyl) ethyl ]-4-piperidinemethanol and the 

pharmaceutically acceptable salts thereof. It can be 
described by the following formula: 




CH3O OCH3 
2( Formula I 



This compound and its method of preparation are 
generically described by European Application 0 208 235. 
This European Application does not specifically name {+)-a- 
{ 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luorophenyl ) ethyl ] -4- 
piperidinemethanol nor does it specifically exemplify its 
preparation. 

Since ( + ) -a- { 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luorophenyl ) - 
3^ ethyl 1-4-piperidinemethanol is a serotonin 5HT2 antagonist r 
it is effective in the treatment of a number of disease 
states. These disease states include anxiety, variant 
angina, anorexia nervosa, Raynaud's phenomenon, intermittent 
claudication, coronary or peripheral vasospasms. 
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fibromyalgia, cardiac arrhythmias r thrombotic illness and in 
controling the extrapyramidal symptoms associated with 
neuroleptic therapy. 



DETAIIiED DESCRIPTIOK OF THE INVEKTION 
As used in this application: 

10 a) the expression "pharmaceutically acceptable acid 

addition salts" is intended to apply to any non-toxic 
organic or inorganic acid addition salt of the base 
compounds represented by Formula I or any of its 
intermediates. Illustrative inorganic acids which form 

15 suitable salts include hydrochloric r hydrobromic, 

sulfuric and phosphoric acid and acid metal salts such 
as sodium monohydrogen orthophosphate and potassium 
hydrogen sulfate. Illustrative organic acids which form 
suitable salts include the mono-, di- and tri-carboxylic 

20 acids. Illustrative of such acids are, for example r 

acetic, glycolic, lactic, pyruvic, malonic, succinic, 
glutaric, fumaric, malic, tartaric, citric, ascorbic, 
maleic, hydroxymaleic, benzoic, hydroxybenzoicr 
phenylacetiCr cinnamic, salicyclic, 2-phenoxybenzoic, p- 

25 toluenesulfonic acid and sulfonic acids such as 

methanesulfonic acid and 2-hydroxyethanesulf onic acid. 
Either the mono- or di-acid salts can be formed, and 
such salts can exist in either a hydrated or 
substantially anhydrous form. In general, the acid 

30 addition salts of these compounds are soluble in water 

and various hydrophilic organic solvents and which in 
comparison to their free base forms, generally 
demonstrate higher melting points. 



35 
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b) any reference to (+)-a-(2r3-dimethoxyphenyl)-l-[ 2-(4- 
f luorophenyl)ethyll-4-piperidinemethanol should be 
construed as encompassing the free base of this compound 
or an acid addition salt of this compound. 

5 

The (+) -isomer of a-(2,3-dimethoxyphenyl)-l-I2-(4- 
fluorophenyl) ethyl ]-4-piperidinemethanol can be prepared by 
methods known in the art as was discussed in European 
Application 0 208 235. One suitable method is disclosed 
10 below in Reaction Scheme I: 



15 



20 



2,5 



30 



35 
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REACTION SCHEME I 




F 



35 
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REACTION SCHEME 1 (continued) 



HO 




OCH3 



OCH3 



Hydrolysis 



STEPC 




«:h2)2 



Formula I 



In Step A of Reaction Scheme I, an esterification 
reaction is carried out between racemic a-{2^3- 
dime thoxypheny 1 ) -1- [ 2- { 4-f luorophenyl ) ethyl ] -4- 
piperidinemethanol (structure 1) and the (+)-isomer of a- 
methoxyphenylacetic acid (structure 2). This esterification 
produces the diastereomeric mixture identifed as structure 
3. These diastereomers are subjected to silica gel 
chromatography which separates the two diastereomers, 
thereby isolating the {+,+) diastereomer as is depicted in 
Step B. In Step C, the (+r+) diastereomer is hydrolysed 
which produces the (+)-isomer of o-(2,3-dimethoxyphenyl)-l- 
[ 2- ( 4-f luorophenyl ) ethyl ] -4-piper idinemethanol . 

The esterification reaction can be carried out using 
techniques known in the art. Typically approximately 
equivalent amounts of racemic a-(2r 3-dimethoxyphenyl)-l-[ 2- 
(4-fluorophenyl) ethyl] -4-piper idinemethanol and the (+)- 
isomer of a-methoxyphenylacetic acid are contacted in an 
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organic solvent such as methylene chloride, THF, chloroform, 
toluene and heated to reflux for a period of time ranging 
from 5 to 24 hours. The esterif ication is typically carried 
out in the presence of an equivalent amount of 
5 dicyclohexylcarbodiimide and a catalytic amount of 4- 

dimethylaminopyridine. The resulting diastereomers can be 
isolated by filtration of the dicyclohexylurea and 
evaporation of the filtrate. 



10 



20 



The diastereomers are then subjected to silica gel 
chromatograpy which separates the (+,+) and the (-,+) 
diastereomers. This chromatagraphic separation may be 
carried out as is known in the art. A 1:1 mixture of hexane 
and ethyl acetate is one suitable eluent. 



15 



The resulting (+,+) diastereomer is then subjected to a 
hydrolysis reaction which produces the (+)-isomer of o-(2,3- 
dimethoxyphenyl ) -1- [ 2- ( 4-f luorophenyl ) ethyl ] -4-piper idine- 
methanol. The hydrolysis is carried out by contacting the 
diastereomer with an excess of a base such as potassium 
carbonate in an aqueous alcoholic solution. The hydrolysis 
is carried out at a temperature of about 15 to 30«C for a 
period of time ranging from 2 to 24 hours. The resulting 
{+) -isomer of o-(2,3-dimethoxyphenyl)-l-[ 2-(4- 
25 fluorophenyl) ethyl ]-4-piperidinemethanol may then be 
recovered by dilution with water and extraction with 
methylene chloride. It is then purifed by recrystallization 
from a solvent system such as cyclohexane/hexane or ethyl 
acetate/hexane . 



30 



Methods for producing the starting materials of Reaction 
scheme I are known in the art. For example. United States 
Patent No. 4,783,471 teaches how to prepare racemic o-(2,3- 
dimethoxyphenyl ) -1- ( 2- ( 4-f luorophenyl ) ethyl 1 -4-piper idine- 
35 methanol. This patent is hereby incorporated by reference. 



wo 91/18602 



-8- 



PCT/US91/03036 



Exaxaples No. 1 and 2 of this application also teach suitable 
methods. . Alternatively, racemic a-( 2, 3-dimethoxyphenyl)-l- 
[2-(4-fluorophenyl)ethyl]-4-piperidinemethanol can be 
prepared in the following manner. Initially 4- 
5 hydroxypiperidine is subjected to an N-alkylation reaction 
with p-f luorophenylethyl bromide which produces 4-hydroxy-l- 
t 2- (4-fluorophenyl) ethyl] -piper idine. This compound is 
brominated with Ph3P.Br2 which produces 4-bromo-l-[ 2-( 4- 
f luor ©phenyl) ethyl] piper idine. This compound is contacted 
10 with Mg thereby forming a Grignard Reagent which is then 
reacted with 2,3-dimethoxybenzaldehyde which produces the 
desired product ( ± ) -o- ( 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4- 
fluorophenyl ) ethyl ] -4-piperidinemethanol • The ( + ) -isomer of 
a-methoxypheny lace tic acid is known in the art. 

15 

As noted above, it has been discovered that the (+)- 
isomer of a-(2r3-dimethoxyphenyl)-l-[2-(4- 

fluorophenyl) ethyl ]-4-piperidineraethanol possesses superior 
in vivo potency when compared with the other compounds 

20 encompassed by the European Application described above, £P 
208 235. The ability of this compound to antagonize the 
5HT2 receptor in vivo can be demonstrated via the 5-MeO-DMT 
head twitch test as described by Friedman et al., in Commun . 
Psvchopharmacol. , Vol. 3 , pages 89-92, (1979). The 

25 administration of 5-methoxy-NrN-dimethyltryptamine 5-MeO-DMT 
to mice typically produces a characteristic head twitch in 
the mice. In this test, the mice are administered 5-MeO-DMT 
and a test compound. An absence of head twitches in the 
mice is considered to be predictive of the ability of the 

30 test compound to antagonize the 5HT2 receptor 
in vivo • 

Table I reports the ED50 of (+)-a-( 2r 3-dimethoxyphenyl )- 
1- [ 2- ( 4-f luorophenyl ) ethyl ] -4-piper idinemethanol 
35 (Invention). For comparative purposes, it also reports the 
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EDso Of o-phenyl-l-(2-phenylethyl)-4-piperidinemethanol 
(Compound B) as its racemate and as its (+)-isomer and o- 
( 2 , 3-dimethoxyphenyl ) -1- ( 2-phenylethyl ) -4-piper idineme thanol 
(Compound C) . These compounds were identified as being the 
most preferred species of the EPO 208 235 application. The 
European applicaton does not specify which isomer of these 
compounds is preferred. 

TABLE III 

compound ED.n FOR ABOLITION OF 

HEAD TWITCH (roq/ kQ, ip) 



30 



Invention 



0.03 



15 Compound B 

a) racemic 3.28 

b) (+)-isomer 0.87 



Compound C 
20 a) racemic 



2.04 



The dosage range at which (+)-a-(2,3-dimethoxyphenyl)-l- 
[2-(4-fluorophenyl) ethyl ]-4-piperidinemethanol exhibits its 
ability to block the effects of serotonin at the 5HT2 
25 receptor can vary depending upon the particular disease or 
condition being treated and its severity, the patient, other 
underlying disease states the patient is suffering from, and 
other medications that may be concurrently administered to 
the patient. Generally though, this compound will exhibit 
its serotonin 5HT2 antagonist properties at a dosage range 
of from about 0.001 mg/kg of patient body weight/day to 
about 100.0 mg/kg of patient body weight/day. The compound 
is typically administered from 1-4 times daily. 
Alternatively, it can be administered by continuous 



35 
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infusion. The compounds can be administered orally or 
parenterally to achieve these effects. 

Since the compound is a serotonin 5HT2 antagonist, it is 
5 useful in the treatment of a variety of disease states and 
conditions. It is useful in the treatment of anxiety, 
variant angina, stable angina, anorexia nervosa, Raynaud's 
phenomenon, intermittent claudication and coronary or 
peripheral vasospasms. These conditions and diseases can be 

10 relieved by administering to a patient in need thereof of, 
( + ) -a- ( 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luoropheny 1 ) ethyl ] -4- 
piperidinemethanol, in an amount sufficient to treat the 
disease or condition (i.e. an anxiolytic amount, anti- 
anginal amount, anti-anorexic amount, etc.). This quantity 

15 will be within the dosage range at which the compound 
exhibits its serotonin 5HT2 antagonistic properties. 

( + ) -a- ( 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luoropheny 1 ) ethyl 1 - 
4-piperidinemethanol is also useful in the treatment of 

20 fibromyalgia. As used in this application, fibromyalgia 
refers to a chronic disease state wherein the patient 
suffers, from numerous symptoms such as, for example, 
widespread generalized musculoskeletal pains, aching, 
fatigue, morning stiffness and a sleep disturbance which can 

25 be characterized as an inadequacy of stage 4 sleep. 

Administration of this compound, in an anti-f ibromyalgia 
amount relieves or alleviates the symptoms the patient is 
experiencing. An anti-f ibromyalgia amount will be within 
the dosage range described above wherein this compound 

30 exhibits its serotonin 5HT2 antagonist effect. 

This compound can also be used to treat the 
extrapyramidal symptoms that often accompany the 
administration of neuroleptic agents such as haloperidol, 
35 chlorpromazine, etc. These extrapyramidal side effects 
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(EPS) can manifest themselves in a variety of ways. Some 
patients experience a parkinsonian-like syndrome, wherein 
they experience muscular rigidity and tremors. Others 
experience akathisia, which can be characterized as a 
5 compelling need for the patient to be in constant movement. 
A few patients experience acute dystonic reactions, such as 
facial grimacing and torticollis. The administration of 
this compound to a patient in need thereof, in an anti-EPS 
amount, will relieve or alleviate the symptoms that the 
10 patient is experiencing. The amount of compound which 

produces this anti-EPS effect is an amount within the dosage 
range at which this compound exhibits its serotonin 5HT2 
antagonistic effect. 

15 As used in this application: 

a) the terms "anxiety, variant angina, anorexia nervosa, 
Raynaud's phenomenon, and coronary vasospasms" are used 
in the manner defined in the 27th Edition of Dorland's 
Illustrated Medical Dictionary; 



20 



b) 



25 



c) 



the term "patient" refers to a warm-blooded animal, such 
as for example rats, mice, dogs, cats, guinea pigs, and 
primates such as humans, and; 

the term "treat" refers to either relieving or 
alleviating the patient's disease or condition. 



30 



( + )_a_( 2 , 3-dimethoxyphenyl)-l-[ 2-( 4-f luorophenyl) ethyl ] - 
4-piperidinemethanol also possess antiarrhythmic properties. 
It increases the duration of the action potential of 
myocardial tissue producing an increase in the refractory 
period of that tissue. Thus, under the classification 
system of Vaughan Williams, this compound exhibits a Class 
35 III antiarrhythmic activity. 
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Since the compound is a Class III antiarrhythmic, it 
will be useful for treating a variety of arrhythmic 
conditions of the heart. Representative examples of 
5 arrhythmic conditions which are amendable to treatment with 
the compounds of the present invention include supra 
ventricular arrhythmias such as atrial tachycardia, atrial 
flutter, atrial fibrillation, and life threatening 
ventricular arrhythmias such as ventricular tachycardia, or 
10 ventricular fibrillation. This compound will also prevent 
recurrent episodes of the arrhythmias mentioned above. 

The quantity of compound needed to either terminate an 
arrhythmic episode or prevent the occurrence of an 

15 arrhythmic episode (i.e«, an antiarrhythmic quantity) will 
vary depending upon the route of administration, the 
patient, the severity of the patient's condition, and the 
presence of other underlying disease states. However as a 
general guideline, if the compound is being administered 

20 orally, then it is preferably administered within a dosage 
range of from about 1.0 to about 400 mg/kg of patient body 
weight/day. Likewise, if the compound is being administered 
parenterally then it is preferably administered within a 
dosage range of from about 0.1 to about 100 mg/kg of patient 

25 body weight/day. The patient's response to the compound can 
be monitored via an EKG or any other technique 
conventionally used in the art. 

As used in this application: 

30 

a) the term arrhythmia refers to any variation from the 
normal rhythm of the heart beat, and; 

b) the term antiarrhythxaic refers to a compound capable of 
35 either preventing or alleviating an arrhythmia. 
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( + ) _a_ ( 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luoropheny 1 ) ethyl ] - 
4-piperidineniethanol is also useful in the treatment of 
thrombotic illness. A thrombus is an aggregation of blood 
5 factors, primarily platelets and fibrin with entrapment of 
other formed elements of the blood. Thrombi can also 
consist of primarily platelet aggregates. Thrombi are 
typically formed in order to prevent excessive bleeding from 
injured blood vessels. Thrombi are typically formed in the 
10 following manner. 

The vascular endothelium serves as a barrier between the 
blood-borne platelets which continually circulate throughout 
the body and the proaggregatory subendothelial components, 

15 which are primarily collagen. In addition to serving as a 
physical barrier, the cell membranes of the endothelial 
lining contain negatively charged components which serve to 
create an electrostatic repulsion between the platelets and 
the lining of the vessels. Trauma to the blood vessel will 

20 disrupt this endothelial lining and allow the platelets to 
come in contact with the underlying collagen and 
fibronectin. This causes the platelets to adhere to the 
subendothelial surface. This initial adherence causes the 
release, from these platelets, of a number of chemicals such 

25 as adenosine diphosphate, serotonin, and thromboxane A2, all 
of which have a proaggregatory effect upon the initial 
platelet aggregate or plug and stimulate other circulating 
platelets to adhere to this newly formed plug. The 
additional adherence of these platelets stimulate the 

30 further release of these proaggregatory chemicals, which 
causes further growth of the platelet plug. Thus a self- 
perpetuating cycle is initiated which promotes the growth of 
the plug. 



35 



wo 91/18602 



-14- 



PCr/US91/03036 



In addition to adhering to the injured vascular wall 
and forming aggregates, activated platelets accelerate the 
generation of thrombin which acts to convert the plasma 
proteinr fibrinogen, into fibrin, thereby stabilizing the 
5 thrombus and promoting its growth. Prior to the conversion 
of fibrinogen into fibrin, a sequence of enzymatic 
conversions take place on the platelet surface which 
ultimately leads to the formation of fibrin. Both the 
negatively charged phospholipids on the platelet surface and 

10 calcium are essential for the maximal activation of Factor 
X. Once Factor X is activated, prothrombin is converted to 
thrombin which cleaves fibrinogen into fibrin and activates 
Factor XIII. This Factor catalyzes the crosslinking 
reaction of fibrin which stabilizes the platelet mass. In 

15 addition, thrombin is a powerful platelet activator and will 
act to perpetuate the process* 

Thus once the platelets come in contact with the 
subendothelial surface, a reaction is initiated in which a 

20 number of positive feedback control systems act to produce 
a thrombus which blocks off the affected vasculature. The 
entire process (ie. platelet aggregation, fibrin generation, 
and polymerization) is referred to as hemostasis and is 
important in the prevention of excessive bleeding from the 

25 wound. 

Although the formation of thrombi is desirable in a 
bleeding vessel, it is pathological in an intact vessel. 
Thrombi occur in intact vessels due to minor alterations in 

30 the endothelial cell surface or injuries that result in the 
disruption of the endothelial linings. Even relatively 
minor alterations can allow the platelets to come in contact 
with collagen and initiate the process described above. 
These minor alterations occur from a variety of causes. 

35 These causes Include stasis, (ie. decreased movement of 
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blood in the cardiac chambers or blood vessels) which 
induces damage due to lack of oxygen and reduces the shear 
forces that ordinarily discourage platelet interaction. 
Another cause is the damage which the process of 
5 atherosclersis inflicts upon the endothelial linings. 

Endothelial linings are known to be disrupted at the site of 
atherosclerotic lesion. 

Thus, a significant amount of research has been focused 
10 on finding drugs which will prevent the platelets from 

undergoing aggregation due to these minor alterations which 
are commonly found on the endothelial linings. Part of the 
research has been directed at exploring what effect could be 
achieved by administering an antagonist of serotonin, one of 
15 the proaggregatory substances which is released when the 
platelets initially begin to aggregate. Although serotonin 
is a relatively weak proaggregatory factor, it has been 
discovered that serotonin has a synergistic effect upon the 
primary proaggregatory clotting factor, ADP. Thus serotonin 
20 amplifies the proaggregatory effect of ADP. 

Ketanserin is a serotonin antagonist. It reacts at the 
5HT2 receptor. Bush et al. reported this compound was 
extremely effective in preventing thrombus formation in 
25 canine models which have been designed to screen for this 
activity. Drug Development Resear ch. Vol. 1, pages 319-340 
(1986). 

It has been discovered that (+)-a-( 2,3-dimethoxyphenyl)- 
30 l-[2-(4-fluorophenyl)ethyl]-4-piperidinemethanol is also 
effective in the prevention of acute thrombosis, especially 
those of the coronary arteries. This compound decreases the 
rate at which platelets aggregate as the result of minor 
alterations in the endothelial lining of the vasculature and 

35 
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therefore prevent the formation of acute pathological 
thrombi. 

Since the compound is effective as an antithrombotic 
5 agent f it can be utilized in a variety of clinical settings 
in which a patient is at risk of developing pathological 
acute thrombi. As noted above, it should be administered on 
a prophylactic basis to prevent the occurrence of an acute 
thrombotic episode r not to lyse thrombi which have already 
10 occurred. 

For example r patients who have undergone thrombolysis 
with agents such as tissue plasminogen activator are at a 
high risk of suffering subsequent acute coronary artery 
15 thrombosis. This compound can be administered to these 
patients to prevent them from suffering additional acute 
coronary artery thrombotic episodes and any ensuing 
myocardial infarction . 

20 It can also be used to decrease the time for re- 

establishing patent blood flow with thrombolysis/ since it 
prevents acute thrombotic episodes. Acute thrombotic 
episodes routinely occur in patients undergoing thrombolysis 
and prolong the time required to re-establish patent blood 

25 flow. Patients who have undergone either a coronary bypass 
procedure or angioplasty are also typically at a greater 
risk of suffering thrombosis and thus can benefit from 
treatment as well. Other patients who will benefit from 
therapy include patients with saphenous vein bypass grafts, 

30 preventative therapy for acute occlusion after coronary 
angioplasty, secondary prevention of stroke recurrence, 
thrombosis of arteriovenous cannula in patients on 
hemodialysis and to prevent the occurrence of stroke and 
coronary thrombosis in patients with atrial fibrillation. 

35 
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The compound can also, be administered to patients to 
prevent the occurrence of transient ischemic attacks (TIA). 
These attacks result from the formation of platelet emboli 
in severely atherosclerotic arteries, usually one of the 
5 carotid arteries, and these attacks are the forerunners of 
cerebral thrombus, i.e., stroke. 

Thus the compound can be used to prevent the occurrence 
of pathological acute thrombotic or embolic episodes. In 

10 order to achieve this result it is necessary that the 

compound be administered to the patient in an antithrombotic 
quantity. The dosage range at which this compound exhibits 
this antithrombotic effect can vary depending upon the 
severity of the thrombotic episode, the patient, other 

15 underlying disease states the patient is suffering from, and 
other medications that may be concurrently administered to 
the patient. Generally though, this compound will exhibit 
an antithrombotic effect at a dosage range of from about 
0 001 mg/kg of patient body weight/day to about 100 mg/kg of 

20 patient body weight/day. The administration schedule will 
also vary widely, but will typically be from 1 to 4 times 
daily. This compound can be administered by a variety of 
routes. It is effective if administered orally or 
parenterally. 



25 



If desired, the compound can be administered in 
combination with other antiaggretory substances, such as, 
for exa«.«»le, aspirin (300-1200mg/day) , dipyridamole (300-400 
mg/day), ticlopidine ( 50-50 Omg/day ) , warfarin (25-300 
30 mg/day), hirudin (0.1-100 mg/kg/day), or MDL 28,050. The 
compound can also be administered in combination with a 
thromboxane synthetase inhibitor, such as, for example, 
ozagrel, dazmegrel, SQ 29,548, or SQ 30,741. These 
thromboxane synthetase inhibitors are typically administered 
35 at a dosage range of from 0.5-50mg/kg/day. The compound 
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and the thromboxane synthetase inhibitors can be compounded 
into a single dosage form and administered as combination 
product. Methods for producing such dosage forms are well 
known in the art. 

5 

As used in this application, the term "antithrombotic" 
should be construed as referring to the ability to either 
prevent or decrease the formation of acute pathological 
thrombi or emboli. It should not be construed as referring 

10 to the ability to dissolve a thrombus that has already 

formed. For the purpose of this application, the difference 
between a thrombus and an embolus, is that an embolus can be 
be an entire thrombus or a portion of a thrombus, that 
produces occlusion by moving to the site of occlusion from 

15 other parts of the circulation. It is not produced at the 
site of occlusion as is a thrombus. 

The compound can be formulated into pharmaceutical 
dosage forms using techniques well known in the art. For 

20 oral administration, the con^und can be formulated into 
solid or liquid preparations such as capsules, pills, 
tablets, lozenges, melts, powders, suspensions, or 
emulsions. Solid unit dosage forms can be capsules of the 
ordinary gelatin type containing, for example, surfactants, 

25 lubricants and inert fillers such as lactose, sucrose, and 
cornstarch or they can be sustained release preparations. 
In another embodiment, the compound can be tableted with 
conventional tablet bases such as lactose, sucrose, and 
cornstarch in combination with binders, such as acacia, 

30 cornstarch, or gelatin, disintegrating agents such as potato 
starch or algenic acid, and a lubricant such as stearic acid 
or magnesium stearate. Liquid preparations are prepared by 
dissolving the active ingredient in an aqueous or non- 
aqueous pharmaceutically acceptable solvent which may also 
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contain suspending agents r sweetening agents r flavoring 
agents r and preservative agents as are known in the art. 

For parenteral administration, the compound or its salts 
5 may be dissolved in a physiologically acceptable 

pharmaceutical carrier and administered as either a solution 
or a suspension. Illustrative of suitable pharmaceutical 
carriers are water r saline r dextrose solutions ^ fructose 
solutions r ethanol, or oils of animal r vegetative, or 
10 synthetic origin. The pharmaceutical carrier may also 
contain preservatives, buffers, etc. as are known in the 
art. 

The compound may be admixed with any inert carrier and 
15 utilized in laboratory assays in order to determine the 

concentration of the compounds within the urine, serum, etc. 
of the patient as is kno%m in the art. 

The following Examples are being presented to further 
20 illustate the invention. However, they should not be 
construed as limiting the invention in any manner. 

EXAMPLE 1 

25 Example 1, Steps A-D, demonstrates the preparation of 

the starting material (±)-a-(2,3-dimethoxyphenyl)-l-[ 2-( 4- 
fluorophenyl) ethyl 1-4-piperidinemethanol, structure 1. 

A) 1- r 2- ( 4-Fluor ophenvl ^ ethvl T -4-Diper idinecar boxamide 

30 

A solution of isonipecotamide (10.9 g, 85.0 mmol), 2-(4- 
fluorophenyl) ethyl bromide (15.7 g, 77.3 mmol), and K2CO3 
(2.3 g, 167 imnol) was prepared in DMP (280 mL) and stirred 
under argon at 90-95*C overnight. The cooled solution was 
35 concentrated to a white oily solid. The solid was 
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partitioned between water and CH2Cl2« The layers were 
separated and the aqueous layer was extracted with CH2C12- 
The combined organic layers were washed 2x with water, dried 
(MgS04)f filtered, and evaporated to a oily solid. The 
5 solid was recrystallized from EtOAc to afford l-[2-(4- 
fluorophenyl) ethyl ]-4-piperidinecarboxamide as a white 
powder, m.p. 177-178^C (decomp.). Anal. Calcd for 
C14H19FN2O: C, 67.18; H, 7.65; N, 11.19. Found: C, 67.25; H, 
7.67; Nr 11.13. 

10 

B) 4-Cvano-l- [ 2- ( 4-f luor ophenvl ) ethyl ] piper idine 

To stirred phosphorus oxychloride (25 mL, 41.12 g, 268 
mmol) and sodium chloride (5.1 g, 87.3 mmol) was added l-[2- 

15 (4-f luor ophenyl) ethyl ]-4-piperidinecarboxamide (8.9 g, 35.6 
mmol) portionwise. After complete addition, the solution 
was refluxed for 2 hours. The cooled solution was poured 
into dilute NH4OH to destroy the POCI3. The aqueous 
solution was cooled to O^C, then extracted 2x with CH2C12* 

20 The combined organic layers were dried (MgS04)f filtered, 
and evaporated to afford 8.1 g of an oily solid. The solid 
was distilled, (b.p. 150^C, 0.1 mm Hg), to afford a clear, 
colorless oil that solidified. This material was 
crystallized from hexane to afford 4-cyano-l-[2-(4- 

25 f luor ophenyl) ethyl] piper idine as white needles, m.p. 47- 
48'»C. Anal. Calcd for C14H17FN2: C, 72.39; H, 7.38; N, 
12.06. Found: C, 72.62; H, 7.49; N, 12.12. 

C) 1- [ 2- ( 4-Fluorophenvl ) ethvl ] -4-piper idinecarboxaldehvde 

30 

To a stirred solution of 4-cyano-l-t 2-(4-fluorophenyl)- 
ethyl]piperidine (1.00 g, 4.3 mmol) in THF (20 mL) under 
argon at O^C was added DIBAL-H (4.6mLofal.0M solution 
in THF, 4.6 mmol) via syringe. After stirring overnight at 
35 room tenqperature, 10% aqueous HCl (25 mL) was added and the 



wo 91/18602 



-21- 



PCT/US91/03036 



solution was stirred for 3 hours. The entire mixture was 
then poured into 10% aqueous NaOH (50 mL) , then extractd 2x 
with ether* The combined organic layers were washed with 
briner dried (MgS04)f filtered, and evaporated to afford a 
5 pale yellow oil. The oil was chromatographed on silica gel 
, eluting with EtOAc. The appropriate fractions were 
combined and evaporated to afford an oil. This oil was 
distilled (b.p. 16€^C, 0.05 mm Hg) to afford l-[2-(4- 
fluorophenyl) ethyl ]-4-piperidinecarboxaldehyde, obtained as 
10 a colorless oil. Anal. Calcd for C14H18FNO: C, 71.46; H, 
7.71; 5.95. Pound: C, 71.08r Hr 7.81; Nr 5.86. 

D) ( ± ) -g- { 2 . 3-DimethQXVDhenvl ^ -1- F 2- ( 4-f luorophenvl ) ethyl ] - 
4-piperidinemethanol 

15 

To a stirred solution of veratrole (0.93 g, 6.7 mmol) in 
THP (20 mL) under argon at 0*C was added n-BuLi (2.7 mL of a 
2.5 M solution in hexane, 6.75 mmol). After stirring 2.5 h, 
the solution was cooled to -78*C and treated with l-[2-(4- 

20 fluorophenyl) ethyl ]-4-piperidinecarboxaldehyde (1.30 g, 5.5 
mmol) in THP (25 mL) via an addition funnel. The cooling 
bath was removed and the solution was allowed to stir for 2 
hours. Water was added, the layers separated , and the 
aqueous layer was extracted with EtOAc. The combined 

25 organic layers were washed with brine, dried (MgS04)r 

filtered r and chromatographed on silica gelr eluting with 
acetone. The appropriate fractions were combined and 
evaporated to afford a white solid. The solid was 
recrystallized from hexane to afford racemic o-(2r3- 

30 dimethoxypheny 1 ) -1- [ 2- ( 4-f luor opheny 1 ) ethyl ] -4- 

piperidinemethanol as shiny white needles r m.p. 126-127**C. 
Anal. Calcd for C22H28FNO3: C, 70.75; H, 7.56; 3.75. 
Pound: Cr 70.87; Hr 7.65; 3.68. 



35 
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EXAMPLE 2 

Example 2, Steps A-F, demonstrate an alternative manner of 
prepar ing ( ± ) -o- ( 2 , 3-dimethoxypheny 1 ) -1- [ 2- ( 4-f luoropheny 1 ) - 
5 ethyl ]-4-piperidinemethanol, structure 1. 



10 



15 



20 
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A) 1- ( 1 . 1-Dimethvlethvl )-l , 4-piperidinedicarb nxvlic acid 

To isonipecotic acid (107.5 g, 832 mmol) stirred in IN 
NaOH (40 g NaOH in 900 toL H2O) and tert-butanol (1800 mL) 
5 was added di- tert -butyl dicarbonate (200 g, 916 mmol) in 
portions. After stirring overnight, the solution was 
concentrated and the resulting water layer was acidified 
with aqueous HCl. This acidic aqueous layer was extracted 
3x with ether. The combined organic layers were washed with 
10 water, brine, dried (MgS04), filtered, and evaporated to a 
white solid, which was recrystallized from EtOAc/hexane (300 
inL/200 mL) to afford l-(l,l-dimethylethyl)-l,4- 
piperidinedicarboxylic acid as white needles, m.p. 147- 
149*C. 



15 



B) 4-fN-Methoxv-N-methvlearboxa mido)-l-piperidinecarboxvlic 
af'iA 1.1-dimeth ylethvl ester 

To a stirred solution of l-{l,l-dimethylethyl)-l,4- 
20 piper idinedicarboxylic acid (50.0 g, 218 mmol) in anhydrous 
CH2CI2 (500 mL) under N2 in a 2L flask was added 1,1'- 
carbonyldiimidazole (38.9 g, 240 mmol) portionwise. After 
stirring for 1 hour, N,0-dimethylhydroxylamine hydrochloride 
(23.4 g, 240 mmol) was added in one portion. After stirring 
25 overnight, the solution was washed twice with IN HCl, twice 
with saturated NaHCOa, once with brine, dried (MgSOf), 
filtered, and evaporated to an oil. Distillation afforded 
4- ( N-me thoxy-N-methylcar boxamido ) -1-piper idinecar boxy 1 ic 
acid 1,1-dimethylethyl ester as a clear oil, b.p. 120-140»C, 
30 0.8 mm. 



35 
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C) 4- f 2 r 3-Dimethoxvbenzovl ) -l-pjper idinecarboxvlic acid 
irl-dimethvlethvl ester 

n-Butyl lithium (14.5 mL of a 2.5 M solution in hexane, 
5 36.3 mmol) was added via syringe to a stirred solution of 
veratrole (5.00 36.2 mmol) in THF (50 mLr anhydrous) 
under argon at 0®C. The ice bath was removed and the 
mixture was allowed to stir for 90 minutes. The mixture was 
cooled to 

10 -78**C and treated with 4-(N-methoxy-N-methylcarboxamido)-l- 
piperidinecarboxylic acid 1 , 1-dimethylethyl ester (9.20 g, 
33.8 mmol) in THF (50 mL, anhydrous) via syringe. The 
cooling dry ice-acetone bath was removed and the mixture was 
allowed to come to room temperature. After stirring for 3 

15 hours f saturated aqueous NH4CI was added and the mixture was 
allowed to stir overnight. The layers were separated and 
the aqueous layer was extracted with ether. The combined 
organic layers were washed with brine, dried (MgS04), 
filtered, and evaporated to afford an amber oil. The oil 

20 was chromatographed on silica gel, eluting with 20% EtOAc in 
hexane. The appropriate fractions were combined and 
evaporated to an amber oil. The oil was distilled to afford 
4-(2,3-dimethoxybenzoyl)-l-piperidinecarboxylic acid 1,1- 
dimethylethyl ester as a colorless oil.(b.p. 225-250*»C, .05 

25 mm). Anal. Calcd for C19H27NO5: C, 65.31; H, 7.79; N, 4.01. 
Found: C, 65.04; H, 7.92; N, 4.11. 

D) 4- ( 2 r 3-Dime thoxvphenvl ) -4-piper idinvlmethanone 

30 4-(2,3-Dimethoxybenzoyl)-l-piperidinecarboxylic acid 

1,1-dimethylethyl ester (7.75 g, 22.2 mmol) was dissolved in 
trifluoroacetic acid (50 mL, 650 mmol) and stirred for 45 
minutes. The entire solution was poured into ether (900 mL) 
and allowed to stand overnight. Filtration yielded 4-(2,3- 

35 dimethoxyphenyl) -4-piper idinylmethanone trif luoroacetate as 
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fine white needles, m.p. 123»C. Anal. Calcd for 
Ci4Hi9N03'CF3C02H: C, 52.89; H, 5.55; N, 3.86. Found: C, 
52.77; H, 5.62; N, 3.82. 

5 The resulting 4-( 2 , 3-dimethoxyphenyl )-4-piperidinyl- 

niethanone trif luoroacetate was dissolved in water, treated 
with NaOH (10% aqueous) until basic, and extracted three 
times with dichloromethane . The combined organic layers 
were washed with brine, dried (MgS04), filtered, and 
10 evaporated to afford 4- ( 2, 3-dimethoxyphenyl) -4- 
piperidinylmethanone as an oil. 

E) ( 2 . 3-Dimethoxvphenvl U 1- f 2- ( 4-f luorcphenyl ) ethyl 1 -4- 
pineridinvl Imethanone monohv drochloride 

15 

A solution of 4-(2,3-dimethoxyphenyl)-4-piperidinyl- 
methanone (8.00 g, 32.1 mmol) and 2-( 4-f luorophenyl)ethyl 
bromide (6.52 g, 32.1 mmol) was prepared in DMF (90 mL), 
treated with K2CO3 (7.0 g, 50.7 mmol), then stirred and 

20 heated at 80*C under argon overnight. The cooled solution 
was poured into a partition of 2/1 EtOAc/toluene and water. 
The layers were separated and the aqueous layer was 
extracted with 2/1 EtOAc/toluene . The combined organic 
layers were washed 2x with water, Ix with brine, dried 

25 (MgS04), filtered, and evaporated to afford 11.0 g of an 
oil. The oil was chroma tog raphed on silica gel, eluting 
with EtOAc. The appropriate fractions were combined, 
concentrated, dissolved in ethyl acetate and treated with 
HCl/ethyl acetate . ( 2 , 3-dimethoxyphenyl) [ 1-t 2-{ 4- 

30 f luorophenyl ) ethyl ] -4-piper idinyl ] -me thanone 

monohydrochloride was obtained as a precipitate, m.p. 225- 
2270c (decomp). Anal Calcd for C22H26FN03-HC1: C, 64.78; H, 
6.67; N, 3.43. Found: C, 64.44; H, 6.73; N, 3.41. 
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F) ( ± \ ->a- ( 2 , 3-Dime thoxvphenvl ) -1- [ 2- ( 4-f luorophenyl ) ethyl 1 - 
4-piperidinemethanol 

To a stirred solution of (2,3^dimethoxyphenyl) [l-[2-(4- 
5 f luorophenyl ) ethyl ]-4-piperidinyl]methanone (6.0 16.2 
mmol) in MeOH (100 mL) at O^C was added NaBH4 (1240 mg^ 32.8 
mmol) in two portions r over a one hour period. After 
stirring overnight, the solution was concentrated to a 
solid. The solid was partitioned between water and ether. 

10 The layers were separated and the aqueous layer was 

extracted with ether. The combined organic layers were 
washed with brine, dried (MgS04), filtered, and evaporated 
to a solid. The solid was chromatographed on silica gel, 
eluting with acetone. The appropriate fractions were 

15 combined and evaporated to afford a white solid. The solid 
was recrystallized from cyclohexane to afford {±)-a-(2,3- 
dimethoxyphenyl ) -1- [ 2- ( 4-f luorophenyl ) -e thy 1 ] -4- 
piperidinemethanol as white needles, m.p. 126-127*^0. Anal. 
Calcd for C22H28FNO3S C, 70.75; H, 7.56; N, 3.75. Pound: C, 

20 70.86; H, 7.72; N, 3.93. 

EXAMPLE 3 

This example demonstrates the preparation of the 
25 compound of Formula I. 

Preparation of (+)-a-(2,3-Dimethoxvphenvl)-l-[2-( 4- 
f luorophenyl 1 ethvl 1 -4-piper idinemethanol 

30 A) Preparation of diastereomers. 

A solution of 3.90 g (10.4 mmol) of (±)-a-(2,3- 
dimethoxyphenyl ) -1- [ 2- { 4-f luorophenyl ) ethyl ] -4-piper idine- 
methanol r 1.74 g {10*4 mmol) of S-(+)-a-methoxyphenylacetic 
acid, 2.15 g (10.4 mmol) of 1,3-dicyclohexylcarbodiimide and 

35 0.1 g of 
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4-dimethylaminopyridine in chloroform (75 ml) was refluxed 
for 17 hours, allowed to cool to room temperature and. 
filtered. The filtrate was concentrated and chromatographed 
on a silica gel column eluting with ethyl acetate/hexane 
5 (1:1) to afford two diastereomers, Rf = 0.1 and 0.2 (TLC 
EtOAc/hexane, 1:1). Intermediate fractions were 
rechromatographed to give additional material. Those 
fractions with Rf = 0.2 were combined to give a single 
diastereomeric ester, (+,+)-(2,3-dimethoxyphenyl) [l-[2-(4- 
10 fluorophenyl) ethyl ]-4-piperidinyl Jmethyl-o-methoxybenzene- 

acetate. 

B) Preparation of ( +)-a- ( 2 . 3-Di methoxvphenvl)-l-r 2-( 4- 
f innro phenvl^ethvn-4-piDeridi nemethanol 

15 To a stirred solution of 0.97 g (1.9 mmol) of the above 

mentioned diastereomeric ester, Rf = 0.2, in 25 ml of 
methanol was added 0.5 g (3.6 mmol) of potassium carbonate 
and 5.0 ml of water. After stirring 17 hours at room 
temperature the reaction mixture was diluted with water and 

20 extracted twice with methylene chloride. The combined 

extracts were washed with water, brine and dried over MgS04. 
After filtering, the filtrate was concentrated to an oil and 
crystallized from 40 ml of cyclohexane/hexane (1:1) to give 
( + ) _a_ ( 2 , 3-dimethoxyphenyl ) -1- [ 2- ( 4-f luorophenyl ) ethyl ] -4- 

25 piper idinemethanol, 

m.p.ll2-113'»C, la]l° = +13.9". 
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WHAT IS CLAIMED IS: 

1 . ( + ) -a- { 2 , 3-dimethoxypheny 1 ) -1- [ 2- ( 4-f luoropheny 1 ) 
ethyl ]-4-piperidinemethanol and the pharmaceutically 
5 acceptable acid addition salts thereof. 

2. A method for the treatment of thrombotic illness 
comprising the administration of a compound according to 
claim 1 in an antithrombotic amount to a patient in need 

10 thereof* 

3. A method for the treatment of angina comprising 
administering to a patient in need thereof an anti-anginal 
amount .of a compound according to claim 1. 

15 

4. A method for the treatment of anorexia nervosa 
comprising administering to a patient in need thereof an 
anti-anorexic amount of a compound according to claim 1. 

20 5. A method for the treatment of Raynaud's phenomenon 

comprising administering to a patient in need thereof a 
compound according to claim 1 in an amount sufficient to 
relieve or alleviate the patient's symptomatology. 

25 6. A method for the treatment of coronary vasospasms 

comprising administering to a patient in need thereof an 
anti-spasmodic amount of a compound according to claim 1. 

7. A method for the treatment fibromyalgia comprising 
30 administering to a patient in need thereof an anti- 

fibromyalgia amount of a compound according to claim 1. 

8. A method for the treatment of the extra-pyramidal 
side effects associated with neuroleptic therapy comprising 

35 
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administering to a patient in need thereof an anti-EPS 
aunount of a compound according to claim 1. 

9. A method for relieving or alleviating anxiety 

5 comprising administering to a patient in need thereof, an 
anxiolytic amount of a compound according to claim 1. 

10. A method for the treatment of arrhythmias 
comprising the administration of a compound according to 

10 claim 1 to a patient in need thereof in an antiarrhythmic 
amount • 

11. A composition comprising a compound according to 
claim 1 in admixture with an inert carrier. 

15 

12. A composition according to claim 11 wherein said 
inert carrier is a pharmaceutical carrier. 

13. A composition according to claim 11 which contains 
20 a thromboxane synthetase inhibitor. 

14. A method for antagonizng the effects of serotonin 
at the 5HT2 receptor comprising administering a compound 
according to claim 1 to a patient in need thereof. 

25 
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